P ulmonary non-tuberculous mycobacteria (NTM) infection can cause severe progressive illness which may be preceded by a period of colonisation. 1 2 Treatment of pulmonary NTM is complicated, requiring multiple antimycobacterial drugs for .12 months. 1 2 Treatment is usually initiated in the setting of ''disease'', defined by the American Thoracic Society (ATS) as the presence of symptoms, radiographic abnormalities and multiple positive cultures (box 1). 1 Colonisation, on the other hand, may be defined by the absence of one or more diagnostic criteria. 3 In the setting of colonisation, treatment is often withheld owing to its potential toxicities and the uncertain rate of progression. Ideally, treatment should be initiated before irreversible lung damage occurs or progresses.
Studies of the epidemiology of pulmonary NTM infections are generally limited in several ways. First, since NTM are often isolated from the environment including potable water, specimen contamination is a significant concern. 1 2 Second, the mere presence of NTM in the lungs does not necessarily imply significant or progressive pulmonary disease. 1 2 This has resulted in the confusing terminology whose definition is critical to the interpretation of studies. Third, because the isolation of NTM does not mandate informing a ''reportable disease'' office in many jurisdictions, surveys of the epidemiology of NTM often consist of incomplete samples. Although all epidemiological studies of pulmonary NTM including those referenced in this paper) have major limitations, it seems clear that the prevalence of pulmonary NTM varies by geographical region and is increasing significantly. All well-defined population-based studies of temporal trends of pulmonary NTM consistently report increases in frequency of 1.5-6-fold over 5-30 years. [4] [5] [6] [7] [8] [9] The universally observed increases in frequency of pulmonary NTM infection makes this emerging infectious disease relevant to all pulmonary and infectious disease practitioners. The precise magnitude of the problem is not well understood for several reasons. In addition to the limitations outlined above, increasing prevalence and geographical variability make studying this infection challenging. Changing prevalence requires frequent study and geographical variability limits generalisability of results of studies across regions. In addition, many previous studies have been limited by representing either small or inadequately defined areas and populations, or incomplete sampling of large and varying areas and populations. 10 11 There is a lack of recent and comprehensive data regarding the frequency of NTM infection in Canada and Ontario. Furthermore, the proportion of patients with colonisation versus disease remains even less well studied. In a systematic review, median annual rates of colonisation in previous studies were 4.4 per 100 000 population in North America, 7 per 100 000 in Europe and 5.4 per 100 000 in Australia. 10 The corresponding median rates of disease were 1.8 per 100 000 in North America, 1.3 per 100 000 in Europe and 1.8 per 100 000 in Australia. 10 We studied the ''isolation prevalence'' of pulmonary NTM in Ontario and examined whether the prevalence changed between 1997 and 2003. In a secondary analysis, we studied a subset of patients to determine the proportion with ''disease''.
METHODS
To study the isolation prevalence of pulmonary NTM in Ontario, data were obtained retrospectively from the TB and Mycobacteriology Laboratory of the Ministry of Health and Long-Term Care in Toronto (MOH TB laboratory). The number of people with a positive pulmonary NTM culture between 1997 and 2003 was determined. Owing to data constraints, we were unable to study the total number of isolates per person for all years. The study period began in January 1997 when high performance liquid chromatography was introduced in the mycobacteriology laboratory, providing an accurate species identification method for the most common NTM species. The study period ended in December 2003, the last year for which data were complete when we initiated this study. The Toronto area MOH TB laboratory processes the majority of specimens for mycobacterial culture in Ontario and also acts as a reference laboratory for species identification for cultures from most other laboratories in the province. We communicated with laboratory directors and senior technologists from other Ontario laboratories that identify NTM organisms to estimate the fraction of provincial NTM isolates that are identified in the Toronto MOH TB laboratory. During the last 5 years of the study (1999) (2000) (2001) (2002) (2003) there were approximately 200 isolates per year in other laboratories. Based on our results, we therefore estimate that at least 90% of NTM isolates in Ontario are identified in the Toronto MOH TB laboratory. We therefore decided that excluding isolates from other laboratories would not significantly alter frequency estimates and included data only from the Toronto area MOH TB laboratory.
To explore the frequency of disease among individuals with pulmonary NTM, we studied a subgroup of patients with pulmonary NTM isolates in 2003. Among patients with pulmonary NTM isolates, the records of those who had been assessed at our hospital network-the University Health Network (an academic institution providing ambulatory and inpatient care)-within 6 months of sample collection were reviewed.
Specimen culture was performed using the Bactec 460 TB system until May 2000 and thereafter with the Bactec MGIT 960 system which has been shown to be slightly more sensitive for NTM 12 (Becton Dickinson Microbiology Systems, Sparks, Maryland, USA). Specimens were processed and analysed as described by Hanna et al. 12 NTM cultures were speciated by DNA probes (AccuProbe, Gen-Probe, San Diego, California, USA) for Mycobacterium avium complex and M gordonae, and by high performance liquid chromatography for other species. 13 The isolation prevalence of pulmonary NTM was calculated for each of the study years as follows. A prevalent case was defined as a patient with an isolate during a given calendar year (isolation prevalence = total number of patients with an isolate during a given year/contemporary provincial population). To study whether isolation prevalence changed over time, isolation prevalence was compared between years by visually inspecting graphs and statistical significance was assessed using generalised linear models with a negative binomial distribution using prevalence as the outcome variable and year as the predictor variable. This was performed using the SAS Proc Genmod with a negative binomial distribution and a logarithmic link function. Regression was also performed with the SAS Proc Autoreg to verify a lack of autocorrelation.
The above calculations were repeated for the four most commonly isolated species or species groups in each year, excluding M gordonae. Although a common isolate, M gordonae was excluded as it may be a contaminant from water ingested before collecting sputum and is infrequently associated with clinically significant disease. 14 The prevalence of NTM was compared with the contemporary Ontario tuberculosis case rates.
The proportion of patients with disease was determined only for members of the subset who had been patients at our hospital within 6 months of isolation of NTM. These patients' records were reviewed to determine whether they fulfilled ATS clinical and radiographic criteria for disease (table 1) . 1 Clinical criteria were assessed from clinic and inpatient records. Radiographic criteria were assessed using radiologists' reports.
Data were entered directly into an electronic database in Microsoft Access 2000 (Redmond, Washington, USA). All statistical analyses were performed using SAS Version 8.02 (SAS Institute, Cary, North Carolina, USA) and Epi Info 2000 (Centers for Disease Control and Prevention, Atlanta, Georgia, USA). Ethics approval was granted by the appropriate institutional review board.
RESULTS
Between 1997 and 2003 there were 23 823 NTM isolates from 11 186 patients including all body sites. Limiting specimens to pulmonary sites yielded 22 247 isolates from 10 231 patients. 93% of all NTM isolates were from a pulmonary source and 91% of all patients with NTM isolates had specimens from a pulmonary source. Table 2 presents the number of isolates and individuals by anatomical site per year.
Of the 7% of isolates that were non-pulmonary, 59% (924/ 1576) were of unknown origin while the remainder were from blood (37%, 590/1576), urine (4%, 60/1576), and bone marrow (0.1%, 2/1576). Of the 9% of patients who had non-pulmonary isolates, 85% (807/955) of isolates were of unknown origin while the remainder were from blood (12%, 112/955), urine (4%, 35/955) and bone marrow (0.1%, 1/955). The number of patients with pulmonary isolates increased each year with the exception of the final year of the study. Conversely, the number of patients with isolates not known to be pulmonary tended to decrease during the study period, including the number of patients with isolates from blood, urine and unknown anatomical sources. M avium complex was isolated in 59% of cases, M xenopi was isolated in 26% of cases, rapidly growing mycobacteria (M abscessus, M chelonae and M fortuitum) were isolated in 13% and M kansasii was isolated in 2% of cases.
Isolation prevalence and temporal trends of pulmonary NTM, along with the contemporary provincial rates of tuberculosis, are shown in table 3. The isolation prevalence for the four most common NTM species combined was 9.1/100 000 in 1997 and rose to 14.1/100 000 by 2003, a statistically significant increase (p,0.0001) with a mean annual increase of 8.4%. Similar increases in prevalence, all statistically significant, were observed for each individual NTM species (table 3) .
To investigate whether the increase in isolation prevalence was due to a surveillance bias, we analysed the frequency of N Chest imaging abnormalities consistent with NTM infection of the lung parenchyma microscopy smear-positive cases in each year. We reasoned that surveillance bias was probably not important if there was no change in the fraction of cases that were smear-positive. The frequency of smear-positive specimens ranged from a low of 10.5% in 1997 to a high of 17.4% in 2000 and was 11.1% in 2003. There was no obvious temporal trend in the fraction of smear-positive cases. If smear-positive status is a reasonable surrogate for NTM disease, then the relatively stable fraction of cases with smear-positive isolates over time suggests that the frequency of NTM disease probably increased during the study period.
Isolation prevalence of pulmonary NTM increased while the incidence of tuberculosis in Ontario slowly and progressively decreased. The isolation prevalence of individual NTM species, all NTM species combined and the contemporary rates of tuberculosis are shown in fig 1. The isolation prevalence of pulmonary NTM was greater than the rate of tuberculosis throughout the study period, and the ratio of NTM isolation prevalence to tuberculosis case prevalence increased during the study period.
Of 2090 patients with pulmonary NTM isolates (other than M gordonae) in 2003, 200 (10%) were assessed using ATS diagnostic criteria for disease based on at least one of a clinical or radiographic assessment at our hospital. Isolate sources were sputum in 171 patients (85.5%) and by bronchoscopy in 29 patients (14.5%). NTM species included M avium complex in 59%, M xenopi in 33.5%, rapidly growing mycobacteria in 6.5% and M kansasii in 1%. ATS microbiologic criteria were fulfilled by 73/200 (37%) of patients. Adequate clinical information was available for 139 patients, 103 of whom (74%) fulfilled clinical criteria. Adequate radiological information was available for 180 patients, 139 of whom (77%) fulfilled radiological criteria. Adequate information for all ATS criteria was available for 119 patients, 39 of whom (33%) fulfilled all criteria.
DISCUSSION
We observed a high and increasing isolation prevalence of pulmonary NTM in Ontario, Canada between 1997 and 2003. Based on a systematic review 10 and more recent work, 17 the median rates of pulmonary NTM isolation have been approximately 6.2/100 000 in North America, 8.3/100 000 in Europe, 15/100 000 in Asia and 7.2/100 000 in Australia. Our results represent a considerably higher prevalence than is generally reported in North American studies and studies from most other areas. Throughout the period of our study the isolation prevalence of pulmonary NTM was approximately twice as great as the rates of tuberculosis cases (mean isolation prevalence of pulmonary NTM 12.6 versus 6.0 for tuberculosis case rates). 15 16 In addition to the high isolation prevalence, the increase over time is an important observation that is consistent with previous studies. All well-defined population-based studies that presented data on the frequency of pulmonary NTM isolation or disease over time have shown increases. [4] [5] [6] [7] [8] [9] The numerous reports of increasing frequency are consistent with our results and suggest that pulmonary NTM infection is a growing problem. Increases in the frequency of pulmonary NTM throughout the world have not been adequately explained but there are several possible contributing factors. The increase could either be spurious or smaller than perceived if increased awareness has led to more investigations or improved laboratory methods have led to isolation and identification of previously unrecognised organisms. Studies have been published that support 18 and refute 19 this argument. We believe such factors cannot completely explain the observed increases. Part of the increase we observed could be explained by the greater sensitivity of the Bactec MGIT 960 system. However, this could only explain a portion of the increase for at least two reasons. First, the increase in prevalence began before and continued well after the culture system was changed in June 2000. Second, the greater sensitivity of the new system is expected to increase the total number of positive cultures by less than 7%, 12 while the number of prevalent cases we observed increased by more than 30% between the year before and the year after introducing the new system. In addition, since the same microbiological systems are used to detect M tuberculosis complex and NTM organisms, the concurrent decrease in rates of tuberculosis in Ontario 15 may argue against an apparent increase in NTM isolation simply due to more sensitive microbiological techniques. It may have been possible that changing referral patterns from other laboratories in Ontario contributed to the observed increase in the prevalence of NTM. If some laboratories had previously performed NTM identification but switched to referring NTM isolates to the Toronto MOH TB laboratory during the study period, then the increase in prevalence may be an overestimate. However, based on a review of referral patterns and the number of isolates from relevant laboratories, changing referral patterns could potentially have accounted for an increase of only 3-9% over the entire study period. Since we observed an increase of over 50%, we believe that changing referral patterns had no important effect on our observation of increased prevalence.
True changes in the frequency of pulmonary NTM isolation could be due to host changes, pathogen changes or an interaction between host and pathogen. Host changes leading to increased susceptibility could play an important role. There may be more immunocompromised patients due to HIV infection, malignancy or simply advanced age. 19 As proposed elsewhere, changes in host immunity may be relevant. If infections with M tuberculosis complex species 20 21 and BCG 22 23 provide cross-immunity or protection against pulmonary NTM and if infections with these ''protective'' mycobacteria decrease, pulmonary NTM may secondarily increase. Decreasing rates of tuberculosis concomitant with increases in pulmonary NTM have generally been observed. 20 21 Our observations in Ontario have been similar, with a small progressive concomitant decline in tuberculosis during our study period (table 3, fig 1) . 15 16 In addition, studies from Sweden 23 and the Czech Republic 22 reported that children who were not vaccinated with BCG had a far higher rate of extrapulmonary NTM infection, which is also consistent with the notion that cross-immunity offers protection from infections across mycobacterial species. Pathogen changes such as enhanced virulence should be considered as a possible contributor to increased rates of NTM infection. NTM isolates from patients have been shown to vary widely in virulence. 24 Examples of genetically identified virulence factors include a conserved coding sequence of a macrophage-induced gene 25 and the presence of numerous or large plasmids. 26 Finally, an interaction between host and pathogen could involve an increase in host exposure to the pathogen. This may have occurred as a result of the increase in popularity of showering as a form of bathing, 27 a habit that may greatly increase respiratory exposure to water-borne contaminants through aerosolisation. Regardless of the explanation, increasing frequencies of pulmonary NTM are consistently observed which suggests that the importance of pulmonary NTM infection continues to grow.
Mycobacterium xenopi comprised 25-30% of prevalent cases in our study, a relatively high rate compared with systematic surveys in other parts of North America. 4 6 20 21 28-30 This finding is consistent, however, with investigators who have presented 15 16 rate calculated according to population from Statistics Canada. ôPrevalence of NTM species defined as the isolation prevalence and prevalence of tuberculosis defined according to reported cases of tuberculosis. **p Value for comparing prevalence over time using generalised linear models with a negative binomial distribution.
Cases per 100 000 population large series of pulmonary M xenopi infection in southern Ontario 31 32 and northwestern New York State, USA. 33 We hypothesise that this is related to our proximity to large bodies of fresh water.
In the subset of patients who had adequate clinical information available for review, 33% met ATS diagnostic criteria for clinically important disease. This is slightly higher than the expected rate of 20-25% based on the findings of a systematic review of rates of advanced infection among patients with M avium complex or M xenopi recovered from respiratory specimens. 10 Although the difference may not be significant, a possible explanation for a slightly higher rate could reflect a biased selection of records for review. It is likely that NTMinfected patients assessed at the University Health Network have relatively high rates of disease, given that our institution provides tertiary care. We believe that the results of our subgroup study are applicable to patients seen in a teaching institution that provides primary to tertiary care where NTM isolates may more often signify disease. Further, we note that approximately three-quarters of patients fulfilled clinical and radiological criteria for disease while only one-third fulfilled the criteria we use to define disease. We wonder whether our estimate of the frequency of disease in this sample is a significant underestimate possibly resulting from inadequate microbiological sampling. Unfortunately, data regarding the total number of specimens collected were not available to us so this remains speculative.
The limitations of our study relate to challenges in studying population level epidemiology of the isolation prevalence of pulmonary NTM and challenges in studying the presence of pulmonary NTM disease in a group of patients with pulmonary NTM isolates. For the population-based study of the isolation prevalence of pulmonary NTM, we chose not to study incidence because of the presumed chronic nature of pulmonary NTM. To confidently identify a new or incident case, a long ''look-back'' period would be required to ensure that a patient had not previously had a pulmonary NTM isolate. The uncertain duration of the ''look-back'' period required and the lack of reliable data for an adequate duration prior to our study period dissuaded us from studying incidence and we instead focused on prevalence. Looking at individual patients over time, we found that few patients had repeat isolates over years. This observation could be due either to the resolution of the ''infection'' or infrequent follow-up specimen collection after the initial isolate. Assuming that pulmonary NTM is usually chronic, we suspect that a large proportion of patients did not have regular follow-up specimens collected and, for this reason, the isolation prevalence we observed may be an underestimate. Another limitation in the population-based study is the lack of data from some Ontario laboratories that identify NTM species. We included only isolates from the Toronto MOH TB laboratory. Isolates in other laboratories were not included unless they were referred to the study laboratory so the isolation prevalence of pulmonary NTM in Ontario that we measured is an underestimate. The estimate that our study captured more than 90% of NTM isolates in Ontario is based on extensive communications with personnel from other laboratories. Although we are confident that this is a fairly accurate estimate and that there was no temporal variation in isolation prevalence in other laboratories that could alter our results, our data remain limited in this area. A third limitation in the population-based study involves specimens that were from an unknown source. In approximately 7% of specimens the anatomical site of origin was not identified. We suspect that some of these specimens were pulmonary and therefore our results may represent a further underestimate of the isolation prevalence of pulmonary NTM. Overall, we believe that the limitations of the population-based study suggest that our measurements underestimate the isolation prevalence of pulmonary NTM infection and that the true prevalence is higher than we measured.
Our assessment of the frequency of disease among patients with pulmonary NTM isolates may be limited by incomplete data and biased sampling. Incomplete data regarding clinical and radiographic criteria for advanced infection would lead to an underestimate of the frequency of disease. On the other hand, selecting patients assessed at an academic institution probably assembled a cohort of patients with pulmonary NTM isolates who have above average rates of disease. Given that these two biases have opposite effects on the estimated frequency of disease, it is difficult to speculate on the generalisability of our estimate to other populations. We believe that our estimate is valid for patients assessed in a tertiary care centre and that clinicians should strongly consider the possibility that disease is present when pulmonary NTM are isolated in the tertiary care setting.
Our population-based study of the isolation prevalence of pulmonary NTM in Ontario, Canada revealed a higher prevalence than that reported in previous studies. The high and consistently increasing prevalence we observed suggests that the burden of pulmonary NTM infection is significant and will continue to grow in importance. Further work is needed to understand the frequency of disease among all patients with pulmonary NTM. In addition, research efforts should be directed towards areas that will lead to strategies for prevention, predicting progression from the colonised state to disease, and improved treatment of disease. 
A pleural mass with pulmonary infiltrates

Clinical presentation
A healthy 34-year-old woman had a 1-month history of dyspnoea and an abnormal chest radiograph. A course of erythromycin was unhelpful. Further details of her history did not suggest an aetiology. Physical examination showed only mild hypoxia on exertion.
A high-resolution chest CT scan was performed, revealing a left apical and hilar mass extending posteriorly to encase the lung, particularly along the mediastinal aspect (fig 1) . There was also bilateral airspace opacification in a bronchocentric distribution. Bronchoscopy and thoracentesis were non-diagnostic.
